To determine the effect of alkaline hydrogen peroxide treatment of whole canola seed on milk fatty acid composition, 12 multiparous lactating Holstein cows (618 kg, 47 d in milk) were fed total mixed rations in a replicated ( 3 ) 4 × 4 Latin square designed experiment. The control diet contained no supplemental fat source. Canola seed (11.2%), either crushed or treated with alkaline hydrogen peroxide or Megalac ® (5.6%) were supplemental fat sources in the crushed, treated, and calcium salts of long-chain fatty acids (Ca-LCFA) dietary treatments. Experimental periods consisted of 28 d, with 21 d of adaptation to diets and 7 d for data collection. Cows were offered ad libitum access to feed. Intakes, ruminal characteristics, and total tract apparent digestibilities were measured and are discussed. Production of milk and 4% fat-corrected milk were not different among treatment groups (average 35.0 and 32.8 kg/d, respectively). Milk fat percentages were greater ( P = .02) for cows fed treated canola seed or Ca-LCFA than for cows fed crushed canola seed (average 3.71 vs 3.43 %, respectively), but milk fat yield (kg/d) was unaffected. Cows fed fat-supplemented diets had lower milk protein percentages than cows fed the control diet. Within the fatsupplemented diet groups, cows fed crushed canola seed had greater milk protein percentages ( P = .01) and yields ( P < .01) than cows fed treated canola or Ca-LCFA. Milk fat from cows fed diets supplemented with canola seed (treated or crushed) had lower proportions of 14:0 and 16:0 and greater proportions of 18:0 and 18:1 than milk fat from cows fed the control or Ca-LCFA diets. Intakes, milk production, milk composition, and milk fatty acid profiles substantiate that treated canola seed was utilized by cows to an extent similar to that of crushed canola seed. Further definition of the method for treatment of canola seed may provide a strategy for adding higher levels of monounsaturated fatty acids to lactation diets to produce favorable alterations in milk fat composition.
Introduction
Whole canola seed is one of many oilseeds that has been explored in the last several years as a fat and protein source for ruminants. Whole canola seed contains high levels of lipid (approximately 55%), of which over 85% is 18-carbon fatty acids; 18:1 is the predominant fatty acid (>60% of total fatty acids; Ackman, 1990) . Whole canola seed also contains a large amount of protein (20.6% CP; Murphy et al., 1987) , with a similar to slightly lower amino acid availability than that of soybean meal (Bell, 1984) .
The profile of fatty acids in canola seed might cause beneficial changes in milk fat composition (decreased 14:0 and 16:0 and increased 18:1; Ashes et al., 1992) if the unsaturated fatty acids could be protected from ruminal biohydrogenation. LaCount et al. (1994) showed that milk 18:1 content increased linearly as the amount of intestinally available cis 18:1 increased.
Unlike some other oilseeds (e.g., soybeans), canola seed has a very refractory seed coat that is resistant to degradation in both the rumen and small intestine of cattle unless it undergoes some form of processing (Khorasani et al., 1992) . Crushing has been the primary processing method used to improve utilization of the nutrients within this highly lignified seed hull. Inclusion of crushed seed may be limited to less than 4% of the diet DM because of the highly unsaturated fatty acid composition of canola oil, which could negatively affect ruminal fermentation, milk production, and milk composition (Kennelly, 1983) . Aldrich et al. (1997) demonstrated that an alternative to crushing may be to treat whole canola seed with alkaline hydrogen peroxide. Chemical treatment of canola seed reduced ruminal biohydrogenation of fatty acids relative to crushed seed and improved postruminal disappearance of fatty acids relative to feeding whole seed. Therefore, our hypothesis was that the chemical treatment process could improve the passage of unsaturated fatty acids in whole canola seed to the small intestine for absorption and utilization by the cow. The objectives were to determine the effects of treatment of whole canola seed on intake, ruminal fermentation, total tract nutrient digestibilities, milk production and composition, and milk fatty acid profile in early to mid-lactation Holstein cows.
Materials and Methods
Animals. Twelve multiparous Holstein cows (BW 618 ± 7 kg; average lactation number 3.1, with a range of 2 to 5 lactations) were allotted to three replicates of a 4 × 4 Latin square (Steel and Torrie, 1980) . Value for average days in milk at the beginning of the experiment was 46.7, with a range of 17 to 68 d. One replicate of cows ( n = 4; square 1 ) was cannulated in the rumen to facilitate collection of ruminal digesta. Cows were prepared surgically under local anesthesia by a clinical veterinarian at the University of Illinois College of Veterinary Medicine Large Animal Clinic. Surgical procedures and justification were approved by the Laboratory Animal Care Advisory Committee at the University of Illinois. The eight remaining cows were randomly allotted to squares 2 and 3. The replicated Latin squares were conducted simultaneously.
Diets. Diets (Table 1 ) contained alfalfa silage (45% of DM) as the forage source and ground corn as the primary concentrate ingredient. All diets contained soybean hulls (6.2% of DM), blood meal (2.1% of DM), and corn gluten meal (2.1% of DM). Diets were fed as total mixed rations. The control diet contained 37% of DM as ground corn and 5.6% of DM as canola meal. In the canola seed diets, relative to the control diet, crushed or alkaline hydrogen peroxide-treated whole canola seed (11.2% of diet DM) replaced canola meal and some corn. The crushed and treated canola seed were processed in manners identical to those described by Aldrich et al. (1997) . Relative to the control diet, the ruminally inert fat source, calcium salts of long-chain fatty acids ( Ca-LCFA) (Megalac ® , Church & Dwight Co., Princeton, NJ) replaced corn (5.6% of DM). The three diets containing test fat sources were formulated to provide 4.5% more fatty acids than the control diet. However, the crushed and treated canola seed and Ca-LCFA diets actually provided 5.8, 4.1, and 4.7%, respectively, more total fatty acids than the control diet. The discrepancy between planned and actual, as well as differences among diets, may be attributed to variation introduced by concentrate mixing, transport, settling, and sampling.
Sample Collection and Analyses. During the experiment, cows were housed in tie-stalls and fed twice daily at 1100 and 2300. The total mixed rations were offered for ad libitum intake, allowing for at least 10% orts (as-is basis). Water was available continually. Treatment periods consisted of 28 d, with 21 d of adaptation to diets. Ruminally cannulated cows were dosed, via the rumen cannula, with 10 g of Cr 2 O 3 in gelatin capsules twice daily at 12-h intervals on d 14 to 28 of the treatment period. Body weights were taken weekly. For evaluation of data, the body weights recorded at the beginning of collection of milk production data ( d 22 to 28) were used.
Dry matter intake was measured daily for all cows during d 22 to 28. Samples of forage, concentrates, and orts were collected each day. Samples were dried at 55°C, ground through a Wiley mill (1-mm screen), and composited by animal within period. Feed and orts were analyzed for DM, OM, Kjeldahl N (AOAC, 1984) , NDF (Jeraci et al., 1988) , ADF (Goering and Van Soest, 1970), ether extract (EE; AACC, 1983) , and long-chain fatty acids (Sukhija and Palmquist, 1988) .
On d 28 of each period, ruminal fluid samples (50 mL) were taken hourly from 1100 until 2300 from ruminally cannulated cows. Ruminal pH measurements were made immediately using a Beckman 31 pH meter (Beckman Instruments, Palo Alto, CA), and samples were acidified with 1 mL of 6 N HCl and frozen. Acidified ruminal fluid was later thawed, centrifuged at 25,000 × g for 20 min, and analyzed for concentrations of VFA in the supernatant (Merchen et al., 1986) .
Feces were collected from ruminally cannulated cows by rectal grab twice daily at feeding times for the last 4 d of each period ( d 25 to 28). Feces were composited by animal within period, dried at 55°C, and ground through a Wiley mill (1-mm screen). Analyses were identical to those for feed, with the addition of measurement of concentrations of Cr (Williams et al., 1962) .
Milk weights were recorded on d 22 to 28, with samples collected at each milking on d 27 and 28 of each period. Daily morning and evening milk samples were composited based on milk yield and analyzed for concentrations of total N (CP), true protein N, and fat by mid-infrared spectrophotometric (Stegeman et al., 1991) analysis (New York DHIA Laboratory, Ithaca, NY). Fat was measured using the A filter (Stegeman et al., 1991) . Noncasein N was determined by Kjeldahl analysis of filtrate after precipitation with 10% acetic acid and 1 N sodium acetate (International Dairy Federation, 1964) . Casein protein N was calculated as the difference between total N and noncasein N, nonprotein N (NPN) was calculated as the difference between total N and true protein N, and Sukhija and Palmquist (1988) with the exception that two external standards (rapeseed oil reference mixture #1083 and RM-5 #1088; Matreya, Pleasant Gap, PA) rather than an internal standard were used to identify column fatty acid peaks based on retention times. Fatty acids of less than 8:0 were not resolved and recovered accurately and are not reported.
Statistics. Data were subjected to ANOVA for a replicated Latin square design using the GLM procedure of SAS (1988) . Model sums of squares were separated into effects of diet, square, period within square, animal within square, and treatment by square. It was determined that the treatment by square interaction was not significant ( P > .05) for any variables; therefore, the sums of squares for the treatment by square interaction were pooled with the residual error. The time of sampling component was added to the model for pH and VFA data; however, there were no treatment × sampling time interactions ( P > .10), so treatment means across sampling times are reported. For all variables, mean comparisons were tested by orthogonal contrasts: 1 ) control diet vs fat-supplemented diets (crushed, treated, Ca-LCFA), 2 ) crushed canola seed diet (ruminally accessible unsaturated fatty acids) vs treated canola seed and Ca-LCFA (ruminally inert fats), and 3 ) treated canola seed ( a ruminally inert fat source high in unsaturated fatty acids) vs Ca-LCFA ( a ruminally inert fat source higher in saturated fatty acids than canola) diets. All results are reported as least squares means.
Results and Discussion
Dry matter intakes ( % of BW) tended ( P =.07) to be lower for cows fed fat-supplemented diets than for cows fed the control diet (average 3.63 vs 3.85% BW; Table 2 ). Intakes of OM ( P = .06), N ( P = .01), and EE ( P < .01) followed similar trends. Among the fatsupplemented diet groups, cows fed crushed canola seed had greater ( P < .01) EE intakes than cows fed treated canola seed or Ca-LCFA. However, GE intakes were not different among treatment groups (average 103.8 Mcal/d). Intakes of NDF ( P = .01) and ADF ( P = .04) were greater for cows fed the crushed seed diet Table 2 . Nutrient intakes of lactating Holstein cows fed canola seed diets (n = 12) a Ca-LCFA = calcium salts of long-chain fatty acids. b Orthogonal contrasts were A (control vs crushed, treated, Ca-LCFA), B (crushed vs treated, Ca-LCFA), and C (treated vs Ca-LCFA).
Canola seed diets
Ca-LCFA a diet Table 3 . Fatty acid intakes of lactating Holstein cows fed canola seed diets (n = 4)
a Ca-LCFA = calcium salts of long-chain fatty acids. b Orthogonal contrasts were A (control vs crushed, treated, Ca-LCFA), B (crushed vs treated, Ca-LCFA), and C (treated vs Ca-LCFA).
Canola seed diets Ca-LCFA a diet than for cows fed ruminally inert fat diets (9.0 and 5.7 vs avg 8.0 kg/d and 5.1 kg/d, respectively), and NDF intakes were greater ( P = .03) for cows fed treated canola seed than for cows fed Ca-LCFA. In the current study, DM intakes of cows fed fat-supplemented diets were 1.33 kg/d lower than those of cows fed the control diet, yet GE intakes were similar among treatment groups because of the greater GE value of the diets containing fat (Table 1 ). The reduced protein intake accompanying the decrease in DM intake may indicate that dietary protein concentrations should be increased when cows are fed fat-supplemented diets. Intakes of fatty acids were quantified only for ruminally cannulated cows in order to calculate apparent total tract digestibilities of fatty acids ( n = 4, Table 3 ). Intakes of 16:0, 18:0, 18:1, and total 18-carbon fatty acids were greater ( P < .01) for cows fed the fat-containing diets than for cows fed the control diet. Intakes of 16:0 and 18:0 ( P < .01) were lower, but intakes of 18:2, 18:3 ( P < .01), and total 18-carbon fatty acids ( P = .05) were greater when cows were fed crushed canola seed rather than ruminally inert fats. Cows fed treated canola seed consumed more 12:0, 18:1 ( P < .01), 18:3 ( P = .06), and total 18-carbon fatty acids ( P = .09) but less 16:0 and 18:0 ( P < .01) than cows fed Ca-LCFA. These intake differences reflect differences in fatty acid composition of the test ingredients. For example, canola seed contains more than 85% of total fatty acids as 18-carbon fatty acids, with 18:1 accounting for over 60% and 18:2 over 20% of the total fatty acids, whereas 16:0 accounts for more than 50% and 18:1 for 34% of total fatty acids in Ca-LCFA (Palmquist, 1991) . Total fatty acid intakes were greater ( P < .01) for cows fed the fat-supplemented diets than for cows fed the control diet (average 2,050 vs 982 g/d, respectively), but no differences among fat-supplemented diets were detected. This represents consumption of greater than 1 kg/d of fatty acids from supplemental fat sources. The acid-hydrolyzed EE and total fatty acid values for cows consuming the control diet agree well. The discrepancy between the EE and total fatty acids for fat-containing diets are not readily explained. In general, nutrient intake paralleled the dietary nutrient composition, which precludes any appreciable ingredient sorting by the cows. Ruminal pH and VFA data and total tract digestibilities reveal little regarding the specific sites of digestion and absorption of individual nutrients, i.e., fat supplements or fatty acids, but may provide insight into possible digestive disturbances associated with the diet. Ruminal pH was lower ( P < .01) when cows were fed the control diet than when fed the fatsupplemented diets (6.12 vs average 6.23, respectively; Table 4 ). The total VFA concentrations were lower ( P = .04) for cows fed the crushed canola seed than for cows fed ruminally inert fats (101.0 vs average 109.9 mM, respectively). There was a trend for greater ( P = .07) concentrations of total VFA for cows fed Ca-LCFA than for cows fed treated canola seed (114.6 vs 105.3 mM, respectively). Molar proportions of acetic acid were lower ( P < .01, 59.8 vs average 61.7 mol/100 mol, respectively) and those of propionic acid were higher ( P < .01, 23.9 vs average 22.4 mol/100 mol, respectively) for cows fed the control diet than for cows fed fat-supplemented diets. In addition, there was a trend ( P = .07) for greater molar proportions of propionic acid, but lower molar proportions of isobutyrate ( P = .01) and isovalerate ( P = .03), in ruminal fluid for cows fed the treated canola seed than for cows fed Ca-LCFA. Isobutyrate molar proportions were greater ( P = .06) for cows fed crushed canola seed than for cows fed ruminally inert fats (.93 vs .87 mol/100 mol, respectively). Butyrate and valerate molar proportions were not different among treatment groups. The acetate to propionate ratios were greater ( P < .01) for cows fed fatsupplemented diets than for cows fed the control diet (average 2.81 vs 2.55, respectively). Although differences among treatment groups occurred for some of the VFA, most of the differences were small and do not suggest any substantial negative impact from the dietary treatments. This agrees favorably with the data of Aldrich et al. (1996) in which dietary treatment had little effect when steers were fed canola seed containing diets at a restricted feed intake.
For ruminally cannulated cows, apparent total tract digestibilities of DM, OM, N, GE, NDF, and ADF were not different among treatment groups (average 69.3, 71.1, 65.3, 68.5, 60.4 , and 54.1%, respectively; Table  5 ). Supplementation of more than 1 kg/d of total fatty acids from unsaturated sources might be expected to substantially alter ruminal fermentation (VFA patterns and fiber digestion) based on the results of for midlactation cows infused ruminally with 1 kg/d of rapeseed oil. Contrary to their report, oil from the crushed canola seed had no discernible effects on these phenomena in the current experiment. Murphy et al. (1987) suggested that minimal negative effects on ruminal metabolism of cows fed crushed rapeseed (up to .8 kg/d oil) were due to a slow release of fat from crushed rapeseed. The total tract digestibilities and ruminal fermentation data of cows fed Ca-LCFA agree with results of and , who reported that Ca-LCFA supplementation of cows did not alter fermentation characteristics.
Digestibilities of EE were lower ( P = .07) for cows fed the control diet than for cows fed fat-supplemented diets and lower ( P = .06) for cows fed crushed canola seed rather than the ruminally inert fats. Cows fed Ca-LCFA had higher ( P = .02) EE digestibilities than cows fed treated canola seed. For fatty acid data, apparent total tract digestibilities of total 18-carbon ( P = .10) fatty acids were lower for cows fed fatsupplemented diets than for cows fed the control diet (Table 5 ). Cows fed the treated canola seed had lower total 18-carbon ( P = .05) and total fatty acid ( P = .09) digestibilities than cows fed Ca-LCFA. This would indicate that the treatment of whole canola seed weakened the seed coat such that the quantities of total 18-carbon and total fatty acids digested in the total tract were comparable to those of cows fed crushed canola seed. These data, however, do not indicate the site along the digestive tract in which the seed hull degradation occurred or if substantial ruminal biohydrogenation of canola seed unsaturated fatty acids occurred. Digestion data from steers (Aldrich et al., 1997) suggest that cows fed treated canola seed would have had substantially greater flows of 18:1, 18:2, and 18:3 and a lesser flow of 18:0 (as proportions of total 18-carbon fatty acids) to the small intestine relative to cows fed crushed canola seed. A discrepancy between lipid analyses (fatty acids and ether extract fat) occurred in this data set. The total fatty acid digestibilities are substantially higher, especially for Ca-LCFA, than the total tract EE digestibilities; however, EE digestibilities correspond with estimates of OM and GE digestibilities. The total fatty acid digestibilities may be overestimated as a result of incomplete recovery of fecal fatty acids or overestimated intake of fatty acids. Thus, in this experiment, total tract fatty acid digestibilities may be misleading in regard to efficacy of the alkaline hydrogen peroxide treatment. Milk production (kg/d) and 4% fat-corrected milk production were not different among treatment groups (average 35.0 and 32.8 kg/d, respectively; Table 6 ). Jenkins and Jenny (1992) summarized that when fat supplements fail to improve milk production, it can usually be traced to effects of the fat on reduction of feed intake, inhibition of ruminal fermentation, or poor digestibility of fatty acids. Chilliard (1993) reviewed 54 lactation studies testing the effects of fat supplementation and reported that cows fed fatsupplemented diets had decreased DM intakes and increased 4% fat-corrected milk output, but similar energy balance compared with cows fed diets not supplemented with fat. In the current study, milk fat percentages were greater ( P = .02) for cows fed ruminally inert fat sources than for cows fed crushed canola seed (average 3.71 vs 3.43 %, respectively). Cows fed the control diet had milk fat percentages and yields similar to those of cows fed fat-supplemented diets. Cows fed the treated canola seed had a .34 percentage unit advantage in milk fat percentage over cows fed the crushed canola seed diet. Addition of polyunsaturated or partially hydrogenated oils tends to depress milk fat percentage (Selner and Schultz, 1980) , whereas supplementation with whole oilseeds maintains or increases milk fat percentage (Mielke and Schingoethe, 1981; DePeters et al., 1985; Ruegsegger and Schultz, 1985) . In the current study, milk fat yields were not different among treatment groups (average 1.25 kg/d).
Several researchers have reported that cows fed fatsupplemented diets have decreased milk protein percentages (Dunkley et al., 1977; DePeters and Cant, 1992; Christensen et al., 1994) . In agreement, milk protein percentages were greater ( P < .01) for cows fed the control diet than for cows fed fat-supplemented diets (3.31 vs average 3.19%, respectively). Theories for the decreased concentrations of milk protein have been discussed elsewhere (DePeters and Cant, 1992) . Despite the decrease in milk protein percentages that accompanies fat feeding, yields of protein may be maintained because the additional energy derived from added fat often increases milk yield (Bachman, 1992) . Cows fed crushed canola seed had greater ( P = .01) milk protein percentages than cows fed ruminally inert fats (3.25 vs average 3.16%, respectively). Cows fed treated canola seed had greater ( P < .01) milk protein percentages than cows fed Ca-LCFA (3.21 vs 3.10%, respectively). Schauff and Clark (1989) demonstrated that feeding cows either 553 or 680 g/d Ca-LCFA seemed to have no effects on ruminal events, so any effects on milk protein by the treatments are probably due to the type or amount of fatty acids absorbed (Christensen et al., 1994) . Milk protein yields were greater ( P < .01) for cows fed crushed canola seed than for cows fed ruminally inert fat (1.17 vs 1.09 kg/d, respectively). The current study contradicts Beaulieu et al. (1990) , who reported that feed intake and milk yield of cows were unaffected by the form of canola fed; however, consumption of whole canola seed (9% of diet DM) decreased milk fat percentage and increased milk protein percentage when compared with consumption of canola oil (3.5% of diet DM) or canola seed presscake (22% of diet DM). Murphy et al. (1987) fed 1 and 2 kg of crushed canola seed and demonstrated that milk production, milk fat (percentage and kg/d), and milk protein (percentage and kg/d) were unaffected. Dry matter intake, milk production, milk fat (percentage and kg/ d), and milk protein (percentage and kg/d) were unaffected when cows were fed unground (8.3% of diet DM) or ground canola (15.6% of diet DM; Murphy et al., 1990) . Khorasani et al. (1991) reported that there was no effect on milk fat percentage when cows were supplemented with Jet-Sploded canola seed (up to 17.4% of diet DM). The effect of feeding a fat-supplemented diet on milk protein percentage has been attributed to changes in the casein fraction (Dunkley et al., 1977) . This is consistent with data from the current experiment in which the relationship among treatment groups for percentages of CP and true protein parallel casein protein percentage and not whey protein percentage. The effect of fat sources on casein protein percentage and yields seemed to be related to ruminal protection of fat. For example, cows fed crushed canola seed had greater casein protein percentages and yields than cows fed ruminally inert fats (2.48 and .89 vs 2.39% and .83 kg/d, respectively). Whey protein percentages and yields were greater for the cows fed the control diet than for cows fed fat-supplemented diets (.62 and .21 vs average .57% and .20 kg/d, respectively). Whey protein yields were greater ( P < .01) for cows fed crushed canola seed than for cows fed ruminally inert fats (.21 vs average .19 kg/d, respectively).
The proportions of milk fat fatty acids of chain length less than 18 carbons (8:0, 10:0, 12:0, 14:0, 14:1, 16:0, 16:1, and 17:0) were greater ( P < .01) for cows fed the control diet than for cows fed fat-supplemented diets (Table 7) . However, the proportions of individual 18-carbon fatty acids and total 18-carbon fatty acids were lower ( P < .01) for the cows fed the control diet than for cows fed fat-supplemented diets. The proportions of 10:0, ( P = .09) 12:0 ( P = .06), and 16:0 ( P < .01) were greater for the cows fed ruminally inert fats than for cows fed crushed canola seed. Concentrations of 18:0, 18:1, 18:2, and total 18-carbon fatty acids were greater ( P < .01) for cows fed crushed canola seed than for cows fed ruminally inert fats. The ruminally inert fat diets included two fat sources (canola oil and palm oil), which are distinctly different in their fatty acid profiles; as such, conclusions regarding the merit of crushed canola seed vs ruminally inert fat diets is somewhat confounded. However, the comparison of milk fatty acid profiles of milk from cows fed treated canola seed vs cows fed Ca-LCFA serves as a comparison of two protected fat sources with substantially different fatty acid profiles. If fatty acids from these two fat sources resisted ruminal biohydrogenation and were absorbed postruminally, then milk fatty acid profile should resemble dietary fatty acid profile. Data of the current study would tend to confirm this hypothesis, because milk from cows fed treated canola seed had greater Table 7 . Individual fatty acids (% of total) in cream from Holstein cows fed canola seed diets (n = 12) a Ca-LCFA = calcium salts of long-chain fatty acids. b Orthogonal contrasts were A (control vs crushed, treated, Ca-LCFA), B (crushed vs treated, Ca-LCFA), and C (treated vs Ca-LCFA). c "Other" represents unidentified peaks, for which a standard was either not available or deemed not necessary for the purposes of this experiment.
Ca-LCFA a diet proportions of 10:0, 12:0, 14:0 ( P < .01), 17:0 ( P = .01), 18:0, 18:1, 18:2, 18:3, and total 18-carbon fatty acids ( P < .01), but lower proportions of 16:0 and 16:1 ( P < .01), than milk from cows fed Ca-LCFA. Manipulation of digestion of canola seed or oil has been explored for purposes of 1 ) meeting the highenergy demands of high-producing cows, 2 ) protecting canola oil from negatively influencing ruminal fermentation, and 3 ) altering milk fatty acid composition. These attempts have met with varied success and, as yet, are not in widespread commercial use. There have been some indications that reducing the degradability of the protein component of the whole seed by heat or formaldehyde treatment might diminish the effect of the highly unsaturated fatty acids on ruminal fermentation. For instance, milk yield and composition were optimized when Jet-Sploded whole canola seed was included at 4.5% of the diet but were diminished at higher levels (up to 17.4%; Khorasani et al., 1991) . Pallister and Smithard (1987) indicated that sheep fed 4% extruded whole rapeseed had lower OM, N, and fiber digestibilities than sheep fed untreated whole seed, yet less 18:1 was biohydrogenated in the rumen and small intestinal digestibility of 18:1 increased by 15% when sheep were fed the extruded rapeseed. suggested some protection of unsaturated fatty acids by extrusion of rapeseed, because they were able to include rapeseed at up to 14% of the DM of a hay-based diet fed to cows without adversely affecting fiber digestibility. Ashes et al. (1992) fed a protected canola fat source (formaldehyde protein encapsulated canola oil) at 6.5% of the diet DM (6.3% dietary fat); milk production was not affected, but milk fat percentage increased from 3.37 (in control) to 3.83% for the encapsulated canola oil. In addition, the proportion of 16:0 in milk fat decreased, whereas 18:0, 18:1, and 18:2 increased when the encapsulated canola was fed (Ashes et al., 1992) . Another method of protecting lipids from ruminal perturbations is to form salts of fatty acids with divalent cations such as Ca 2+ . It has been reported that saponification of rapeseed oil with calcium did not disturb digestion or affect milk production of lactating cows . However, polyunsaturated fatty acids were not spared from microbial biohydrogenation ; hence salt formation does not seem to protect unsaturated fatty acids in the rumen. One might suggest from the data in this study that utilization of the protective seed coat as a capsule for the postruminal delivery of unsaturated fatty acids may be a feasible and commercially acceptable method for incorporation of canola seed into lactation diets.
Addition of fat to lactation diets was originally done simply to supplement energy from sources other than non-structural carbohydrates during peak energy demand without deleteriously affecting ruminal fermentation. An additional consideration has re-emerged that addresses the possibility of shifting the fatty acid profile of milk fat through incorporation of specific fat sources into the diet. These efforts are to address the public perception that ruminant products, which contain a large proportion of saturated fatty acids, are an unhealthy part of the American diet (Grummer, 1991) . The concept of saturated vs unsaturated fatty acids as the benchmark of unhealthy vs healthy has also eroded in favor of targeting specific fatty acids that may be less atherogenic in humans. Recent information suggests that diets rich in 12:0, 14:0, and 16:0 may be hypercholesterolemic, whereas diets rich in 18:0 have a similar cholesterol-lowering capacity as diets rich in 18:1 (Bonanome and Grundy, 1988; Berner, 1993) . Consequently, interest has heightened for development of methods to increase 18:1 in milk fat at the expense of 14:0 and 16:0. Infusing increasing amounts of canola fatty acids into the abomasum of dairy cows linearly decreased contents of 14:0 and 16:0 and linearly increased content of 18:1 in milk fat . On the basis of data of Bonanome and Grundy (1988) , the sum of 18:0 and 18:1 concentration relative to the concentration of 16:0 may be a better indicator of the cholesterolemic tendency of a fat source than the oversimplified separation of fats into saturated or unsaturated forms. The ratio of 18:0 plus 18:1 to 16:0 was greater ( P < .01) for milk fat from cows fed fat-supplemented diets than for that from cows fed the control diet (Table 7) . Likewise, the ratio was greater for milk fat from cows fed crushed canola seed than for milk fat from cows fed ruminally inert fats, whereas milk from cows fed treated canola seed had a greater ratio of 18:0 plus 18: 1 to 16:0 than milk from cows fed Ca-LCFA.
Cows fed crushed and treated canola seed had milk fatty acid profiles that were very similar, which possibly reflects a shift toward a more favorable ratio of fatty acids. Murphy et al. (1987 Murphy et al. ( , 1990 ) also reported that cows fed diets containing crushed rapeseed had milk fatty acid profiles similar to those of cows fed diets containing intact or ruminally protected rape seed. This may be due to the intestinal and mammary desaturase activities, which function to convert saturated fatty acids to monounsaturated fatty acids (e.g., stearate to oleate) in order to offset the extensive hydrogenation that occurs in the rumen and ensure sufficient fluidity of milk fat for secretion from the mammary cell (Grummer, 1991) . However, the potential also exists that more 18:2 and 18:3 from the crushed canola seed diet were incompletely hydrogenated to trans-18:1 (Jenkins, 1993) .The trans-18:1 has been reported to raise blood cholesterol in humans (Lichtenstein, 1993) and could be considered detrimental in an attempt to alter the fatty acid profiles of milk. In addition, trans-18:1 has been implicated in the depression of milk fat percentage for cows fed a diet high in polyunsaturated fatty acids (Wonsil et al., 1993) . Even though milk from cows fed crushed canola seed had a fatty acid profile and content of 18:1 similar to those in milk from cows fed treated canola seed, it is possible that it contained more trans-18:1 than milk from cows fed treated canola, although trans-18:1 was not determined.
The current approach utilized the seed coat of whole canola seed as a protective capsule encasing the unsaturated canola fatty acids. The data demonstrate that ruminal VFA and total tract digestion of fiber of cows fed the treated seed diet were similar to those of cows fed the Ca-LCFA diet. Feed intake, milk production, milk composition, and fatty acid profiles of milk fat suggest that the treated canola seed and crushed canola seed were similarly degradable and utilized by the cows. These responses would indicate that alkaline hydrogen peroxide treatment of whole canola seed may be a route for adding higher levels of unsaturated fat to lactation diets and may be a means of favorably altering milk fatty acid profiles.
Implications
The alkaline hydrogen peroxide treatment of whole canola seed may be a viable means of ruminally protecting unsaturated fat to increase the energy density of diets fed to high-producing lactating cows without negatively affecting feed intake, ruminal fermentation, milk production, or milk composition. There are no market incentives at present for altering the fatty acid profile of milk; however, in the future, alkaline hydrogen peroxide treatment of canola seed could be used to increase the proportions of stearic and oleic acids in milk fat, while decreasing the proportions of myristic and palmitic acid. Finally, refinement of the treatment process and economic feasibility evaluation for commercial production will be necessary to successfully market treated canola seed.
